Background: The majority of patients with intrahepatic cholangiocarcinoma (IHCC) who undergo complete tumor resection subsequently develop tumor recurrence. The objectives of this study were to determine the risk factors for IHCC recurrence after curative (R0) liver resection and to identify the feasibility about postoperative adjuvant radiation therapy (RT). Methods: We retrospectively reviewed patients who underwent liver resection for IHCC between April 1995 and December 2012 at Samsung Medical Center. Cox regression analysis was performed to determine risk factors of recurrence. Patients with a recurrence in remnant liver within 2 cm from the resection margin, with or without locoregional lymph node (LN) metastases, were considered as potential RT candidates. Center-of-mass (COM) distances between the recurrent cancers and the cut surface were measured with MATLAB.
Background
Cholangiocarcinoma (CC) is the second most common primary hepatic malignancy, after hepatocellular carcinoma, and is divided into three general categories based on the origin of disease, intrahepatic, hilar, or distal CC [1, 2] . Although hilar CC remains the most common type, the incidence of intrahepatic cholangiocarcinoma (IHCC) is rising [3] [4] [5] , and IHCC currently accounts for 20 % of all CC [5] .
IHCC has a dismal prognosis with limited treatment options and a very high rate of recurrent or metastatic disease [1, 2] . Indeed, the overall mortality rate in IHCC approaches its incidence [6] . Currently, surgical resection offers the only chance for cure. However, as the disease lacks symptoms until late in its course, the majority of IHCC patients have unresectable tumors at diagnosis, and less than 50 % of patients with IHCC are surgical candidates [2, [7] [8] [9] [10] [11] . Even after complete resection, recurrence rates approach 52 %, with 5-year postresection survival rates ranging from 8 to 44 %, indicating that resection alone is not sufficient for most patients [1, 6-9, 12, 13] .
Repeated surgery is limited by patients' comorbidities or by poor functional hepatic reserve. In patients with recurrence, palliative treatments such as radiation and systemic chemotherapy are the only options. However, current studies testing the role of adjuvant chemotherapy in IHCC are limited [14] [15] [16] . While adjuvant radiation therapy may improve survival in patients with microscopically positive margins, this remains controversial [17] [18] [19] [20] [21] and no guidelines for adjuvant therapy for IHCC exist [22] . The benefit of adjuvant RT in resected IHCC will undoubtedly depend on appropriate patient selection. The purpose of this study is to identify a patient subset at high risk for locoregional tumor recurrence after curative resection and to identify the feasibility about postoperative adjuvant radiation therapy.
Methods

Patient selection and data collection
We retrospectively reviewed patients 18 years of age or older with IHCC who underwent liver resection at Samsung Medical Center between April 1995 and December 2012. We excluded patients with a history of other malignancies, and those who had neoadjuvant therapy for IHCC, M1 disease, and R2 or R1 resection. Postoperatively, patients were followed with serial computed tomography (CT) scans and serial serum tumor marker (CA 19-9 and CEA) levels.
Pathology reports were reviewed for important prognostic factors including tumor size, subtype, number and histology, margin status, lymph node (LN) involvement, and the presence of lymphovascular invasion (LVI) and perineural invasion (PNI), which are known important factors for tumor recurrence and patient survival [23] [24] [25] . Satellite nodules were considered as multiple tumors. Patients who did not undergo LN dissection were regarded as node-negative, as this is consistent with clinical practice patterns. The first postoperative follow-up evaluation was usually 1 month after the operation, and subsequent visits were performed according to the surgeon's discretion. Overall survival was ascertained through the clinical follow-up documented in each patient's medical record.
Recurrence classification
The regions of the recurrent cancers and the cut surface were delineated on the follow-up CT or magnetic resonance (MR) using Eclipse ver. 10.0 (Varian, Palo Alto, CA), and the structure files in digital imaging and communications in medicine (DICOM), including the regions, were exported to an in-house program in MATLAB (Mathworks, Natick, NA). The closest, farthest, and center-of-mass (COM) distances between the recurrent cancers and the cut surface were measured with the program. Curability was determined according to the R-classification of the International Union Against Cancer as R0, no residual tumor; R1, presence of microscopic disease despite removal of all identifiable tumor; and R2, tumor left macroscopically in situ.
Regional LNs of IHCC included the hilar LNs. And according to LN drainage, tumors in the right liver (segments 5-8) included pancreaticoduodenal LNs, and tumors in the left liver (segments 2-4) included gastrohepatic LNs. Diseases that spread to the celiac, periaortic, or caval LNs were usually considered distant metastases (M1 node), but clinical radiation therapy (RT) fields generally encompassed periaortic or caval LNs around celiac LNs.
Therefore, local recurrence in the present study was defined as any recurrence within the potential planning target volume (PTV) in RT fields. We defined the potential clinical target volume (CTV) in the present study as remnant liver within 1 cm from resection margin, perihilar, periduodenal, peripancreatic, celiac, caval, and periaortic (from 1 cm above of celiac axis to left renal artery bifurcation) LN area. PTV was decided with an additional 1 cm margin for setup and respiration uncertainties. We assumed radiation delivered as a 3-D conformal technique, and the remnant liver, kidneys, stomach, duodenum, other bowel, and spinal cord were considered as organs at risk. Hypothetical CTV, RT fields were displayed in Fig. 1 . And, the authors hypothesized patients who recurred in this area which is remnant liver within 2 cm of the COM with or without locoregional LN metastasis as potential RT candidates.
Statistical analysis
Summary statistics are reported as total and percentage for categorical variables and as median values and range for continuous variables. Survival and recurrence rates were calculated by the Kaplan-Meier method. Cox regression analysis was performed to determine recurrence factors. If data for a variable were missing in >10 % of cases, the variable was not used in the analysis. Factors significant at a level of p < 0.1 were included in the multivariate analysis. A receiver operating characteristics (ROC) curve was used to identify optimal cutoff points for each marker. All statistical analyses were carried out using IBM SPSS statistics version 22. A p value of less than 0.05 was considered to be statistically significant.
Results
Patients and tumor characteristics
A total of 198 patients underwent partial liver resection for IHCC between April 1995 and December 2012. We excluded 19 patients who had another previous malignancy, four patients who had preoperative transarterial chemoembolization (TACE), three patients who had neoadjuvant chemotherapy before hepatectomy, a patient with bone metastasis who underwent palliative hepatectomy, two patients with R2 disease, and 12 patients with R1 disease. Four patients were lost to followup (Fig. 2) .
The final study population (n = 153) had resected IHCC only, with a median age of 59 years (range, 37-80 years); 96 patients (62.7 %) were male. Operative and pathologic variables are summarized in Table 1 . The majority (90.1 %) of patients required a hemihepatectomy, Fig. 1 Hypothetical adjuvant radiotherapy fields in intrahepatic cholangiocarcinoma. Potential clinical target volume (CTV) is defined as remnant liver within 1 cm from resection margin, perihilar, periduodenal, peripancreatic, celiac, caval, and periaortic (from 1 cm above of celiac axis to left renal artery bifurcation) lymph node area extended resection, or multiple segmental resection. Eighty-one patients (52.9 %) underwent lymphadenectomy. The median tumor size of the dominant lesion was 4.5 cm (range, 0.5-14.0 cm). LN metastasis occurred in 38 patients (24.8 %), and 37 patients (24.2 %) had multiple confirmed tumors in the final pathologic report. One hundred seventeen patients (76.5 %) had the mass-forming subtype of IHCC, while 36 patients (23.5 %) had the periductal infiltrating type or combined both types. LVI was found in 35.9 % of patients, and perineural invasion (PNI) was found in 23.5 %. Two patients had adjuvant chemoradiation therapy after curative resection.
Recurrence and survival
After a median follow-up of 21 months (range, 1-204 months), recurrence had developed in 93 patients (60.8 %) (Fig. 2) . Among 93 patients with recurrence, 60 patients (64.5 %) had recurrences in the remnant liver and/or locoregional LNs. Thirty-three patients (35.5 %) were diagnosed with distant metastasis. The most common distant metastasis site was the lung. Eleven patients recurred in the liver, locoregional LN, and distant metastasis sites. Table 2 ). Predictors of survival were similar to those for recurrence. On univariate analysis, INR, tumor subtype, tumor size, multiple tumors, LVI, PNI, and LN metastasis were risk factors. Tumor size ≥4.0 cm (p < 0.001), LN metastasis (p < 0.01), multiple tumors (p = 0.014), and LVI (p = 0.015) were risk factors on multivariate analysis (Table 3) . Fig. 4) were included in the hypothetical RT field. Forty-four patients recurred in remnant liver more than 2 cm far from the cut surface with or without locoregional LN metastasis, in other words, recurred beyond the RT field (white area in Fig. 4) . Among the 16 patients, two patients recurred in the liver, 12 recurred in locoregional LNs, and two patients recurred in both the liver and locoregional LNs. Among patient recurred, tumor size (p < 0.001) was the only predictive factor of recurrence beyond the hypothetical RT field. The optimal cutoff point for tumor size as a predictor of recurrence beyond the hypothetical RT field was ≥5.0 cm (p = 0.045 (Table 4 ). There were no statistically significant factors between four patients recurred in remnant liver within 2 cm of COM and other recurred patients.
Potential adjuvant RT candidates
Discussion
Surgical resection is the only potential cure for IHCC. Although resectability of IHCC has improved recently [10] , the success rate remains poor [10, 11] . Even in patients who are able to undergo surgical resection, positive margins are common [10, 11] . The use of R0 resection provides the best chance for cure but is only achievable in about 30 % of patients at presentation [11] . Studies have demonstrated that patients who had an R1 resection had a survival similar to those who were treated palliatively (5 vs. 7 months) and that local recurrence is a major problem in patients with R1 resections [11, 26] .
Even after R0 resection, many studies reported recurrence rates more than 50 %, representing that resection alone is not sufficient for most patients [1, 6-9, 12, 13] . Like other studies, our data shows 60.8 % recurrence rate in IHCC after R0 resection. In patients with recurrence, palliative treatments such as radiation and systemic chemotherapy could be considered. Earlier reports of postoperative adjuvant therapy for the treatment of biliary tract carcinoma have indicated the potential usefulness of radiotherapy and chemotherapy [27] [28] [29] [30] . However, current studies testing the role of adjuvant chemotherapy in IHCC are limited [14] [15] [16] . While adjuvant radiation therapy may improve survival in patients with microscopically positive margins, this remains controversial [17] [18] [19] [20] [21] . Moreover, nearly all these studies were based on cases of noncurative resection and were experimental reports rather than clinical trial reports. In addition, some hilar CC have been misclassified as IHCC, thereby affecting analysis [21] . Thus, the benefit of adjuvant therapy for carcinoma of the biliary tract has not yet been clarified, and no guidelines for adjuvant therapy for IHCC exist [22] . The benefit of postoperative adjuvant RT will depend on appropriate patient selection. So, authors determined to identify a patient subset at high risk for locoregional tumor recurrence after R0 resection and a subgroup among these patients who could be covered within the RT field. As mentioned above, some hilar CC have been misclassified as IHCC and many studies included R1 resection also. However, this report included only patients with pathologically confirmed IHCC with R0 resection. Patients with perihilar or distal CC, history of other malignancy, history of neoadjuvant therapy (TACE and chemotherapy), M1 disease, and R1 and R2 diseases were excluded from this analysis. After curative resection, two patients had adjuvant chemoradiation therapy. A patient was 53 years old, female, and with multiple IHCC. The maximum tumor size was 5.5 cm. IHCC recurred after 15 months of surgery. Another patient was 48 years old, female, and with multiple IHCC. The maximum tumor size was 7.8 cm, and LN metastasis exists during surgery. IHCC recurred after a month, and she died after 4 months of surgery. Because only two patients had adjuvant treatment, it was impossible to analyze statistical significance. And after IHCC recurrence, 12 patients had palliative chemoradiation therapy and a patient had palliative RT. There was no significant difference about survival between two groups that had palliative treatment or not (data not shown).
Jarnagin et al. [31] reported about adjuvant treatment after surgery of extrahepatic cholangiocarcinoma. After surgery, locoregional recurrence is a predominant pattern of failure even with R0 resection, and as local failure can be associated with liver failure and death, this argues for adjuvant radiation and chemoradiation therapy to prevent local recurrence. Shinohara et al. [21] reported radiation used adjuvantly with surgery was associated with an improved median survival compared with radiation alone and was associated with a 9.3 % reduction in the risk of death. However, although radiation did prolong survival in these patients, it did not appear to cure their disease. And these studies did not specify the criteria about adjuvant treatment candidates after curative resection. The benefit of adjuvant RT in resected IHCC will depend on appropriate patient selection.
Pathologic factors that predict increased rates of recurrence and worse outcomes include multiple hepatic tumors, nodal involvement, and vascular invasion, which was reflected in the current American Joint Committee on Cancer (AJCC) 7th edition staging system [8, 32] . Although LN stats have been strongly associated with prognosis in almost all studies [33] [34] [35] , data on tumor size have been more disparate, with some studies finding LVI lymphovascular invasion, PNI perineural invasion, HBV hepatitis B virus, HCV hepatitis C virus, PT-INR prothrombin time-international normalized ratio no effect of tumor size [36] [37] [38] and other larger studies showing that size affected survival [33] [34] [35] . Previously, the failure to identify an effect of tumor size on OS may be explained by the limited number of patients with small (e.g., <5 cm) tumors included in many prior studies. Our study found a tumor size larger than 4 cm is an important risk factor of recurrence and survival. Moreover, tumor size larger than 5 cm is the only risk factor of recurrence beyond the hypothetical RT field. Previous studies did not consider about tumor size as an indication of adjuvant treatment. Future studies about adjuvant RT and the AJCC staging system may need to reconsider the impact of tumor size on prognosis and should include tumor size as selection criteria of adjuvant treatment. Our findings should be interpreted in view of certain limitations. First, retrospective study and the sample size were small. Moreover, this study was accrued over a long period (1995-2012), while both diagnostic and therapeutic procedures for IHCC have changed notably over these years. There may be a selection bias in how patients were chosen for surgical therapy. Therefore, further multicentric prospective and randomized clinical trials are needed to determine the usefulness of adjuvant RT to control locoregional recurrence after R0 resection.
With IHCC, NCCN recommendations include observation for R0 resection or some type of adjuvant therapy for R1 or R2 resections. However, this study demonstrates that tumor recurrence is common (60.8 %) after complete resection (R0) of IHCC. In this light, after R0 curative liver resection, observation is not appropriate. For control of recurrence, aggressive adjuvant treatment should be considered even if curative resection is achieved. In our study, tumor size ≥4.0 cm, LN metastasis, and multiple tumors predicted recurrence after curative resection. Among recurred patients, locoregional recurrence covered in the hypothetical RT field occurred less than 20 %. Even though a small portion of patients recurred in hypothetical RT field, authors consider postoperative RT might be a useful adjuvant modality because RT could sterilize the field; as a result, it could lead to lower the recurrence rate by lowering in and out field recurrence rate.
The benefit of adjuvant therapy in resected IHCC will depend on appropriate patient selection. Consequently, for producing positive effect about adjuvant RT after R0 resection in IHCC, RT candidates should be carefully selected in patients with recurrence factors, especially patients with a tumor size larger than 5 cm.
Conclusion
For cholangiocarcinomas, the tumor location and resectability remain prime factors in disease control, whereas adjuvant chemotherapy and radiation remain more controversial. However, surgical resection alone is not sufficient for IHCC despite curative resection. We suggest that patients with tumor size larger than 4 cm, LN metastasis, and multiple tumors could be considered about receiving adjuvant RT for control of locoregional recurrence after R0 resection. However, patients with a tumor size larger than 5 cm should be carefully selected as adjuvant RT candidates. Further studies investigating the subset of high-risk recurrence groups as well as optimal adjuvant therapy for IHCC are needed.
